Abstract-An excitation signal source which is capable of suppressing temperature drifting is designed in this paper. The influence of temperature drifting of the amplifier on the stability and accuracy of data measurements is also studied. The mathematical model on which the design is based is introduced and discussed. The experimental results show that the design is effective in suppressing temperature drifting of the amplifier, therefore it significantly improves the consistency and accuracy of results when it is applied to the application of thickness measurement of PCB copper foil .
INTRODUCTION
The eddy current detection is based on the theory of electromagnetic induction. When a changing magnetic field created by alternating current is applied to a test object, then the eddy current generates in the test object. The detection of surface cracks and the measurement of coating thickness on a test object can be accomplished by measuring the variations of the amplitude and phase of the eddy current. The alternating current is created by the excitation signal through modulation. The excitation signal is not only the carrier signal but the reference signal as well, and how stable and accurate it is would determine how accurate the measurement would be for eddy current testing. The excitation signal is mainly from a circuit consisting of op-amps. The theoretical analysis and experiments show that the output drifting in op-amps are mainly due to temperature drifting. The direct coupling is usually used between stages in op-amps, therefore the impact of temperature drifting would increase with the increases in the number of stages and the amplification factor, therefore it is very critical to create a negative feedback system with lowtemperature-drifting integrated circuits so that the excitation signal is consistent and accurate within certain range of temperature.
II. THE MATHEMATICAL MODEL OF A NEGATIVE FEEDBACK
SYSTEM T Figure 1 shows the configuration of a negative feedback system. It uses the detecting module and integrating module. The deep-degree negative feedback is realized by using high DC gain in integrating circuit. The fundamental analysis of its working is shown in the following. The output is:
, and (4) into (1), one gets the (5)： 
B. Module circuit design
From above design, one can tell that the lock-in amplifier and integrating circuit are key parts of the system; their performance has direct impact on the stability and accuracy of the excitation signal source.
1)
Lock-in amplifier Lock-in amplifier, which structure can be shown in Fig.3 , is used to reject differential-mode interference. The core unit of lock-in amplifier is Phase-Sensitivity-Detector (PSD), which demodulates the modulating signals. The output of PSD depends on not only amplitude of input signal, but also the phase difference of input and reference signals. The following is how the lock-in amplifier works:
Supposing that sinusoidal modulating signal with noise is given as below:
Where u 0 (t) is the sinusoidal modulating signal, n(t) is random noise signal.
Also supposing that the reference input is a square wave with amplitude of ±V + and period of T.
Then its Fourier expansion is shown as follow:
The output signal of PSD can be calculated as below:
    After the signal U p (t) passes through low pass filter (LPF), the difference frequency, the sum frequency unit, and the noise all will be filtered out when n is greater than one. What remains is only the difference frequency U o when n is equal to one. Figure 5 shows an integrating circuit. The main interference comes from integrating drift, which is the accumulated electric charge on its capacitors when the input is zero. The integrating drift may result in an output from zero to saturation. The main source of integrating drift is from the input offset voltage os V of op-amps. According to KVL, concrete analysis is as follows:
2) Integrating circuit
Combining (12) In the design, we selected OP400 of AD Cooperation mainly for its low-offset. For a stable reference voltage ref u , LM336-2.5 of NS Corporation was selected due to its low temperature drifting. Figure 6 is the actual design of the integration circuit。 
IV. THE RESULTS AND ITS ANALYSIS
We designed an excitation signal source and used it in the application of thickness measurement for PCB copper foil. In this paper, an excitation signal source with effective temperature-drifting suppression is designed for eddy current testing. The temperature drifting problem in op-amps is studied as well. The mathematical model is established for a improvement of the negative feedback system. Based on the analysis of the mathematical model, the system and its circuits are designed with lock-in amplifier and integrating circuit as the core parts of the system for temperature-drifting suppression. The test results indicate that this approach and its design is very effective in suppressing temperature drifting. The excitation signal and output reference voltages are very stable. This ensures a consistent and accurate thickness measurement results for PCB copper foil.
We believe that the study and design of an improved excitation signal source in this paper can be applied in other applications as well.
